Introduction
4-Aryl-4-oxobut-2-enoic acids (also considered as β-aroylacrylic acids), their derivatives represent an important class of compounds with wide spectrum of biological activities including antibacterial activity [1] [2] [3] [4] [5] , anti-ulcer and cytoprotective properties [6, 7] , kynurenine-3-hydroxylase [8] and antiproliferative activity toward Human cervix carcinoma (HeLa) [9, 10] . Moreover, the β-aroylacrylic acids have been attracting increasing attention in view of their high reactivity as building blocks for the synthesis of wide variety of compounds of various classes due to their selective transformations with different reagents.
In continuation of our previous works [11] [12] [13] [14] [15] [16] [17] [18] [19] , the present work aimed at utilization of the reactivity of 4-(2-tetryl)-4-oxobut-2-enoic acid (1) towards different nucleophiles such as carbon, nitrogen, oxygen, sulfur nucleophiles and binucleophiles (o-phenylenediamine, o-aminophenol, and o-aminothiophenol) to construct mixed and non-mixed heterocyclic systems. Several electrophilic centers are present in acid (1) (α,β-unsaturated-γ-ketoacid), viz atoms C(2) and C(4) which are hopeful for many reaction routes with nucleophilic reagents.
Experimental

Instrumentation
All melting points were measured on a Gallenkamp melting point apparatus and are uncorrected. The infrared spectra were recorded using KBr disks on a Pye Unicam SP-3-300 infrared spectrophotometer. 1 H NMR experiments were run at 300 MHz on a Varian Mercury VX-300 NMR spectrometer using TMS as internal standard in deuterated chloroform (CDCl3) or deuterated dimethylsulphoxide (DMSO-d6). Chemical shifts δ are quoted. The mass spectra were recorded on Shimadzu GCMS-QP-1000EX Mass spectrometers at 70 eV. All the spectral measurements as well as elemental analyses were carried out at the Micro analytical Center of Cairo University. All the newly synthesized compounds gave satisfactory elemental analyses. A mixture of acid 1 (0.01 mmol, 2.30 g), cyclohexanone and/or camphor (0.01 mmol) in ethanol (30 mL) and 50% sodium hydroxide (2 mL) was stirred at reflux temperature for 6 h. The precipitated solid that formed after cooling was dissolved in water then acidified with hydrochloric acid. The crude solid product that deposited was collected by filtration and washed with water, dried and recrystallized from light petroleum ether (80-100 C): ethanol (2:1) to give compound 2a,b respectively (Scheme 1). 
Synthesis
Reaction of 4-oxo-4-(5,6,7,8-tetrahydronaphthalen-2-yl)-but-2-enoic acid (1) [20] with cyclohexanone and / or camphor
Reaction of Michael adducts (2a,b) with hydrazine hydrate
A mixture of Michael adduct 2a,b (0.005 mmol, 1.89 g) and hydrazine hydrate (0.005 mmol, 0.25 mL) in ethanol (20 mL) was heated at reflux for 8 h. The solid product which was separated out on hot was collected, dried and recrystallized from n-butanol and/or dimethylformamide (DMF) to give compounds 3a,b, respectively (Scheme 1). 
4-Hydrazono-4-(5,6,7,8-tetrahydronaphthalen-2-yl)-2-(3-hydrazino-4,7,7-trimethylbicyclo[2.2.1]hept-2-en-2-yl)but-2-enoic acid
Reaction of acid 1 with ethyl cyanoacetate, malononitrile and / or cyclohexanone in presence of ammonium acetate
A mixture of acid 1 (0.01 mmol, 2.30 g), ethyl cyanoacetate, malononitrile and / or cyclohexanone (0.01 mmol) and 5 g of ammonium acetate were fused in water bath for 3-5 h. Then the mixture was poured in ice, the crude solid product that deposited was collected by filtration and washed with water, dried and recrystallized from ethanol to give isonicotinic acid derivative 5a, recrystallized from acetic acid to give isonicotinic acid derivative 5b and/or recrystallized from benzene to give tetrahydroquinoline derivative 5c (Scheme 1). 
2-Amino-3-(ethoxycarbonyl)-6-(5,6,7,8-tetrahydronaphthalen-2-yl)isonicotinic acid
2-Amino-3-cyano-6-(5,6,7,8-tetrahydronaphthalen-2-yl) isonicotinic acid
2-Amino-4-(carboxy)-6-(5,6,7,8-tetrahydro naphthalen-2-yl)nicotinohydrazide (6)
A mixture of isonicotinic acid derivative 5a (0.005 mmol, 1.7 g) and hydrazine hydrate (0.005 mmol, 0.25 mL) in ethanol (20 mL) was refluxed for 14h, left to cool. The crude solid product that deposited after cooling was collected by filtration, dried and recrystallized from light petroleum ether (80-100C): ethanol 
2-Amino-4-(2-oxo-2-(5,6,7,8-tetrahydronaphthalen-2-yl)ethyl)thiazol-5(4H)-one (7)
A mixture of acid 1 (0.01 mmol, 2.30 g) and thiourea (0.01 mmol, 0.76 g) in dry ethanol (20 mL) with 2 drops of glacial acetic acid was refluxed for 4h, left to cool, the precipitated solid was collected, dried and recrystallized from ethanol to afford compound 7 (Scheme 2 
Reaction of acid 1 with piperidine and/or morpholin
A mixture of acid 1 (0.01 mmol, 2.3 g) and piperidine and/or morpholin (0.01 mmol) in ethanol (20 mL) was heated at reflux temperature for 14-19 h, left to cool, the precipitated solid was collected, dried and recrystallized from ethanol and/or diluted dioxane to give compound 9a,b, respectively (Scheme 2). 
4-Oxo-2-(piperidin-1-yl)-4-(5,6,7,8-tetrahydronaphthalen-2-yl)butanoic acid
2-Morpholino-4-oxo-4-(5,6,7,8-tetrahydronaphthalen-2-yl) butanoic acid
2-[5-(acetyloxy)-2-amino-1,3-thiazol-4-yl]-1-(5,6,7,8-tetrahydronaphthalen-2-yl)vinyl acetate (10)
A solution of thiazolone 7 (0.005 mmol, 1.44 g) in acetic anhydride (10 mL) was refluxed on water bath for 10 h, then poured into ice/cold water with stirring. The crude solid product that deposited was collected by filtration, washed with water, dried and recrystallized from aqueous dioxane to give compound 10 (Scheme 3 
2-Amino-4-(2-(hydroxyimino)-2-(5,6,7,8-tetrahydro naphthalen-2-yl)ethyl)thiazol-5(4H)-one (12)
A mixture of thiazolone 7 (0.005 mmol, 1.44 g) and hydroxylamine hydrochloride (0.005 mmol, 0.35 g) and NaOH (0.02 mmol, 0.8 g) in ethanol (20 mL) was refluxed for 8 h. The solid product that deposited on hot was collected by filtration, dried and recrystallized with DMF to give compound 12 (Scheme 3 
2-Diacetylamino-4-(2-(hydroxyimino)-2-(5,6,7,8-tetrahydronaphthalen-2-yl)ethyl)thiazol-5-yl acetate (13)
A mixture of compound 12 (0.25 g) and acetic anhydride (10 mL) was heated at reflux for 2h, Then poured in ice/cold water with stirring. The crude solid product that deposited was collected by filtration, washed with water, dried and recrystallized from dioxane to give compound 13 (Scheme 3). 
Reaction of acid 1 with benzylamine and/or p-toluidine in presence of carbon disulphide
To a solution of benzylamine and/or p-toulidine (0.015 mmol) in THF (20 mL) and carbon disulphide (0.03 mmol, 2.28 mL), compound 1 (0.01 mmol, 2.3 g) was added and continuously stirred at room temperature for 4h, the crude product was filtered off, dried and recrystallized from ethanol, to give compounds 15a,b, respectively (Scheme 4). 
3-Benzyl-5-(2-oxo-2-(5,6,7,8-tetrahydronaphthalen-2-yl) ethyl)-2-thioxothiazolidin-4-one
Results and discussion
Chemistry
When acid 1 was submitted to react with cyclohexanone and/or camphor in the presence of alcoholic sodium hydroxide, it underwent carba-Michael addition to yield 4-oxobutanoic acid derivatives 2a,b, respectively. Michael adduct 2a,b has been allowed to react with hydrazine hydrate in 1:1 molar ratio in boiling ethanol to afford the pyridazinone derivatives, 3a,b. On the other hand, when the reaction was conducted in the presence of excessive hydrazine hydrate it yielded the bishydrazone derivative, followed by dehydrogenation to yield the more thermodynamically stable products 4a,b.
As a part of our programme involving utility of 4-(2-tetryl)-4-oxo-but-2-enoic acid (1) in the synthesis of some interesting heterocyclic compounds, the authors sought to investigate the behaviour of the acid 1 with ethyl cyanoacetate, malononitrile and/or cyclohexanone in the presence of ammonium acetate as basic catalyst. The isolated products have been identified as 2-amino-3-ethoxycarbonyl-6-(tetryl-2-yl)-pyridine-4-carboxy-lic acid (5a), 2-amino-6-tetryl-3-cyano-4-carboxylic acid (5b) and 2-(2-tetryl)-4-carboxy-5,6,7,8-tetrhydroquinoline (5c), respecttively. When the enaminoester 5a reacted with hydrazine hydrate in boiling ethanol, the corresponding hydrazide 6 (Scheme 1) was obtained.
2-Amino-4-(2-oxo-2-(5,6,7,8-tetrahydronaphthalen-2-yl) ethyl)thiazol-5(4H)-one (7) was obtained when acid 1 was allowed to react with thiourea, as nitrogen nucleophile, in boiling ethanol. Plausible mechanism of the reaction is shown in Scheme 5.
The 1 H NMR spectrum of product 7 revealed that it is present in solution, in dynamic equilibrium of two forms (A) and (B) with a ratio of 54.65 and 45.35%, respectively (Scheme 6).
The very thorough study of 1 H NMR spectrum of compound 7 showed a multiplet due to the presence of two diastereotopic protons of methylene group flanked between the carbonyl functionality of the tetroyl moiety and the methine group of thiazole nucleus. Due to the non-equivalence of protons Ha and Hb, they undergo geminal coupling with each other and each line of the two doublets couples with the stereogenic proton Hc to give the multiplet. The stereogenic proton Hc undergoes the vicinal coupling with the two diastereotopic protons Ha and Hb to give d × d signal.
Refluxing acid 1 with bidentate nucleophiles namely ophenylenediamine, o-aminophenol and/or o-aminothiophenol in alcohol afforded satisfactory yields of quinoxalone (8a), 3(2-tetroylmethyl)3,4-dihydrobenzo-1,4-oxazin-2-one (8b) and (8c), respectively. Acid 1 added amines (piperidine and/or morpholine,) to the more reactive vinylic carbon (alpha carbon to the carboxyl group) to produce the α-amino-γ-ketoacids 9a,b (Scheme 2).
The structure of 2-aminothiazolone 7 was chemically verified via acetylating with acetic anhydride in which all active OH hydrogens have been acetylated to afford derivative 10 (Scheme 3). The reaction of thiazole derivative 7 with hydrazine hydrate in boiling ethanol resulted in annulation reaction and afforded the thiazolopyridazine derivative 11 as a bicyclic fused heterocyclic system. Interactions of thiazole derivative 7 with hydroxyl amine hydrochloride in boiling ethanol in the presence of NaOH and/or in boiling pyridine yield the corresponding oxime 12 and pyrazolothiazole 14 as a second bicyclic fused heterocycle. Acetylation of oxime 12 via acetic anhydride yielded the acetoxy derivative 13 [21] [22] [23] .
Thiazole derivatives represent an important class of heterocyclic compounds with expected biological activity and have considerable chemical and pharmacological importance. Particularly, they are useful as anticonvulsant activity [24] , antimicrobial [25, 26] , anticancer [27] and anti-inflammatory [28] . This prompted us to synthesize new thiazole derivatives bearing a tetryl moiety with the aim of decreasing polarity of the thiazole derivatives. Thus, when acid 1 was submitted to react with ammonium benzyldithiocarbamate, and 4-tolyldithio carbamate in tetrahydrofuran, the corresponding 2-thioxo-1,3-thiazolidin-4-one derivatives 15a and 15b were obtained (Scheme 4). The present work describes the reaction of 4-(2-tetryl)-4-oxo-but-2-enoic acid (1) with phenol, α and / or β-naphthols in ethanol containing drops of glacial acetic acid to give 4-tetroyl-3,4-dihydrocoumarine 16, 4(2-tetryoyl)-3,4-dihydrobenzocoumarine derivatives 17 and 18, respectively.
Conclusion
γ-Ketoacids could be utilized in heterocyclic synthesis of fused and non-fused systems via facile reactions with different mono and bi-dentate carbon, nitrogen, oxygen, sulfur nucleophiles.
